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by 
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(Severn Trent Water Authori ty, Nottingham) 
INTRODUCTION 
In recent collaborative biological sampling exercises organised by the Nottingham 
Regional Laboratory of the Severn-Trent Water Authority 1,2, the effect of handnet sampling 
variation on the quality and usefulness of the data obtained has been questioned, especially 
when this data is transcribed into one or more of the commonly used biological methods of 
water quality assessment. 
This study investigates if this effect is constant at sites with similar typography but 
differing water quality states when the sampling method is standardized and carried out by a 
single operator. 
An argument is made for the use of a lowest common denominator approach to give a 
more consistent result and obviate the effect of sampling variation on these biological 
assessment methods. 
METHODS 
Site Selection 
Five points from the list of sites in the River Trent basin examined by the Anglo-Soviet 
study group in 1977 were chosen to represent a range of water qualities, all the sites selected 
were riffle zones in eroding substrates. These sites were also examined during the EEC technical 
seminar on Biological Water Assessment Methods in September 1976. 
Site 1. River Derwent at Baslow SK 252 722, altitude 116 m. 
Site 2. River Dove at Mayfield SK 158 458, altitude 114 m. 
Site 3. River Derwent at Draycott SK 444 327, altitude 32 m. 
Site 4. River Poulter at Crookford SK 672 753, altitude 23 m. 
Site 5. River Erewash at Toton SK 503 342, altitude 28 m. 
Sites 1 and 2 are good quality waters used for potable supply (DOE Chemical Class 1 A). 
Site 3 is also used for potable supply but only after storage and extensive treatment (DOE 
Chemical Class 2). Site 4 is classified as good quality chemically (DOE Chemical Class 1B) 
but biologically is only moderate — this may be because of a high chloride content and/or 
excessive weed growth diurnally lowering the dissolved oxygen content; the site is also below a 
series of lakes. The f i f th site is of a poorer water quality receiving sewage effluents and mine 
water discharges (DOE Chemical Class 3). 
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More detailed information of the characteristics and chemical water quality of these 
sites is available in the preceeding paper by Mr Woodiwiss 2 and in the background information 
to the EEC Technical Seminar on Biological Water Quality Assessment Methods. 
Sampling Method 
Kick sampling and hand picking from stones in a way so as to include material from as 
many microhabitats as possible. A time limit of two minutes for each sample was observed to 
avoid a tendency to bias at particularly interesting sites, this gave a total sampling time of 
thir ty minutes for each station. Each successive sample was taken upstream of the preceeding 
sample to avoid drift problems. A standard hand net was used with a 25 cm square opening 
and a 0.5 mm mesh diameter. 
Sample Treatment and Examination 
Samples were formalised on site and returned to cold storage (4° C) at the laboratory prior 
to processing. The samples were sieved to remove large stones and fine silt (finest sieve 
aperture 600 microns). A flotation technique was then used to separate the invertebrate animals 
from the remaining small stones. The organisms were then sorted, identified and their numbers 
counted or estimated. The level of identification achieved varied between family and species 
dependent partly on taxonomic expertise and partly on the time available, for such work. 
Throughout the rest of this paper "species" refers to the level of taxonomy attained as shown in 
Tables 2 to 6. 
Methods of Biological Assessment 
The percentage similarity between all samples taken at a site was calculated by Jaccard's 
method 6, 
The raw data was transcribed into the commonly used indices for relating macro-inverte-
brates to water quality; these were the Extended Trent Biotic Index 3, Chandler's Score System 4 
and the Diversity Index as modified by Wilhm and Dorris 5. 
The Trent Index was designed for a random qualitative handnet sampling technique with a 
time limit. The Chandler Score system required "semi-qualitative" samples of 5 minutes duration. 
The Diversity Index is more appropriate to quantitative samples but is commonly applied to 
qualitative handnet data. 
RESULTS 
Range of similarity between samples 
The range of similarity between the fifteen samples taken at a site is shown in Table 1, 
together with the mean similarity and the standard error. Edwards, Hughes and Read (1975)7, 
in their studies on the River Cynon using quantitative samples of 0.1 m2 found that in any two 
random samples from the same riffle only 44% of the species taken would be common to both. 
Substantially higher similarities have been found in this study at all water qualities, the minimum 
similarity at each point is close to Edward's figure, this is almost certainly a reflection of the 
sampling techniques employed, the handnet method sampling more microhabitats per sample 
than the quantitative method, and therefore having more likelihood of similarity. Secondly, 
the level of identification achieved in this study may have weak slightly higher similarities. 
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Species lists and frequency of occurrence from fifteen samples per site 
Species lists and frequency of occurrence of each species at a site are shown in Tables 
2 to 6, with an indication of the commonest species being those found in ten or more 
samples out of the fifteen (66.6% occurrence). The cumulative increase in species per site 
is shown in Graph 1. Table 7 shows the number of samples required for 50%, 66.6% and 
75% of the species collected and the sample at which species were still being added. These 
figures are similar to those found by Gaufin et al (1966)8 and Chutter and Noble (1966)9 
and with the exception of the poor quality River Erewash site show similar curves. 
Also shown in Table 7 is the number of samples required to give the common species 
as defined earlier. 
The range of the number of species found in individual samples as a percentage of the 
total number collected at a site is given in Graph 2, the common species are also plotted 
in this manner. Table 8 shows the ranges, means, medians and total numbers of species from 
which Graph 2 was derived. 
Similar calculations were made on the sampling exercise carried out for the 2nd EEC 
technical seminar on Biological Water Quality Assessment Methods held in Nottingham in 
Autumn 1976 when ten operators sampling by varied handnet methods at twenty-two 
different sites found that "a typical handnet method of sampling will give, on average, a 
sample containing representatives of only 40% (within the range 14—83%) of the species 
actually present at a sampling station". One conclusion formed from this seminar was that 
standard sampling procedures should be defined in order to reduce the effect of sampling 
variation on biological assessments. The 3rd EEC technical seminar held in Italy in 1978 
intended to attempt a standardised handnet method to reduce this variation but the results 
as yet are not available. 
In the 1st Anglo-Soviet sampling exercise held in Nottingham in 1977 a standardised 
handnet sampling technique was demonstrated and results obtained for various operators 
working at nine sites. The range of variation found in this exercise was 39—89% with a 
percentage mean of 68%. 
In the present study with one operator using a standard method of handnet sampling 
it can be seen from Table 8 and Graph 2 that the range of the number of groups found in 
individual samples as a percentage of the total number of groups at a site varied between 
31% and 64% with a mean percentage of River Erewash 48.6%, River Poulter 46.3%, 
River Derwent at Draycott 50.9%, River Derwent at Baslow 48.6%, the River Dove 51.1%, 
and an overall percentage mean of 49.1%. 
The results of these three exercises can be summarised as follows: 
% range % mean 
EEC exercise, various handnet 
sampling methods, 
various operators. 14—83 40 
Anglo-Soviet exercise standardised method, 
various operators. 39—89 68 * 
This exercise standardised method, 
one operator. 31—64 49 
* The limited number of samples examined may have given an elevated result in this instance. 
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Some attempt at standardisation of method and restriction of the number of personnel 
sampling can increase the effectiveness of handnet sampling but any one sample is still only likely to 
sample half of the species that are present at that site. 
Effect of sampling variation on Biological Assessment Methods 
The effect that this sampling variation has on biological assessment methods is indicated 
in Tables 9—12, and represented diagrammatically in the histograms of Table 13. From these 
results it can be seen that the Extended Trent Biotic Index and the Diversity Index (banded 
at 0.5 intervals) reduce the data by a similar amount but that banding of Diversity Indices at 
0.25 intervals or Chandler's Scores in 50's is not significantly different from the frequency 
distribution of the species themselves. Banding of Chandler's Scores in 100's effects some 
improvement at the lower end of the scale. Woodiwiss in the previous paper has shown that 
taking the square root of the Chandler Score halves the relative standard deviation as the 
score increases, and gives a straight line plot against the Extended Trent Biotic Index; this was 
confirmed in this exercise (Graph 3). Even with this treatment the frequency distribution of 
square roots of Chandler's Scores (Table 13) still show considerable variation. Methods which 
only reflect the sampling variation would seem of little value as a tool in the biological 
assessment of water quality. The preceeding paper adequately discusses this problem area. 
In Tables 8—12 the assessment results for each site have been calculated using the 
"common species" principle, ie those species found in 10 out of the 15 samples taken 
(66.6% occurrence). It can be seen that this figure is similar to the mean figure for all methods 
and sites and that it represents between 33.3% and 44.4% of the species found at any one site 
(Table 3). Since it is also found that any one sample is only likely to contain between 40% and 
50% of species present at a site, a basis for use of this type of figure exists, since the common 
species are the most likely species to be found in the first 2—3 samples taken at a site, especially 
at sites where the % similarity (Table 1) between individual samples is high. 
DISCUSSION 
Edwards et al (1975) concluded that "methods of assessment currently employed by Water 
Authorities measure the strength of a defined signal (organic pollution) at minimum cost "and that 
" the detection function with respect to other kinds of pollution is sacrificed". 
Most water authority biologists would agree that the present biological assessment methods 
are unsuitable for detailed investigation of specific polluting discharges and would not consider 
using them for such purposes; the major use of these methods is to provide administrators with 
a broad indication of the long-term biological changes in very many water courses to relate to the 
effectiveness of pollution control measures taken, the vast majority of which concern organic 
loads. 
This paper has attempted to show that the measure of strength of the organic pollution 
signal can oscillate wildly depending on the biological assessment method chosen and the 
effect of sampling variation upon that method. 
Recognition of the most frequently occurring species and exclusion of occasional species 
at a site as a basis for computation of these type of indices is warranted to attain a more 
consistent and reliable value (ie a less noisy signal). Inexpensive ways of obtaining the 
frequent species at a site are required, these could be: 
a. take three handnet samples per site and only use species occurring in two 
out of the three for indexing purposes; 
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b. take one handnet sample per site and sub-divide in the laboratory 
to achieve a similar result as in a.; 
c. use a sequential comparison type of assessment on site. 
Whichever assessment method is used the 'noise' about the signal caused by sample 
variation could be reduced to give a lower pitched but clearer signal. Even without this 
reduction there would seem to be, from Table 13, less inherent noise associated with the 
Extended Biotic Index arid the Diversity Index (when banded at 0.5 intervals) than with the 
Score method of Chandler. 
SUMMARY 
i. sampling variation is an underestimated criterion in the usage of 
biological assessment methods and is evident to a similar extent in 
poor, medium and good quality waters. 
i i . some biological assessment methods reflect sampling variation effects 
more than others and can be of very limited value because of such 
inherent qualities. 
ii i. it would be an advantage to the computation of biological assessment 
methods of organic pollution to consider only the most frequently 
occurring species at a site, which is likely to give an assessment close to 
the mean of a large number of samples taken at that site and thereby 
more consistently reflect the average biological water quality. 
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TABLE 1. % SIMILARITY (JACCARD COEFFICIENTS) BETWEEN FIFTEEN SAMPLES TAKEN 
AT A SITE. 
Sampling Site 
R. EREWASH AT TOTON 
R. POULTER AT CROOKFORD 
R. DERWENT AT DRAYCOTT 
R. DOVE AT MAYFIELD 
R. DERWENT AT BASLOW 
(The total 
Minimum 
45 
37 
43 
56 
39 
number of 
Maximum Mean (standard Error) 
100 72.6 ± 
12.2 
86 60.2 ± 
9.6 
88 63.7 ± 
10.0 
87 70.5 ± 
6.6 
80 56.0 ± 
8.8 
comparisons at each site = 105.) 
TABLE 2 . RIVER EREWASH AT TOTON - SPECIES LIST AND FREQUENCY OF OCCURRENCE 
Note: 'Common species' = 42.9% of Total Species found (see Table 8). 
TABLE 3 . RIVER POULTER AT CROOKFORD - SPECIES LIST AND FREQUENCY OF OCCURRENCE 
Note: 'Common species' = 33.3% of Total Species found (see Table 8). 
TABLE 4 . RIVER DERWENT AT DRAYCOTT - SPECIES LIST AND FREQUENCY OF OCCURRENCE 
Note: 'Common species' = 40.6% of Total Species found (see Table 8). 
TABLE 5 , RIVER DOVE AT MAYFIELD - SPECIES LIST AND FREQUENCY OF OCCURRENCE 
Note: 'Common species' = 44.4% of Total Species found (see Table 8). 
TABLE 6. RIVER DERWENT AT BASLOW - SPECIES LIST AND FREQUENCY OF OCCURRENCE 
TABLE 7. NUMBER OF SAMPLES REQUIRED FOR A GIVEN PERCENTAGE OF THE TOTAL NUMBER OF SPECIES 
TAKEN AT A SITE. 
Sampling site 
R. EREWASH AT TOTON 
R. POULTER AT CROOKPORD 
R. DERWENT AT DRAYCOTT 
R. DOVE AT MAYFIELD 
R. DERWENT AT BASLOW 
>50% 
1 
2 
1 
1 
2 
>66.6% 
9 
4 
4 
2 
2 
>75% 
9 
7 
4 
4 
5 
Species 
still added 
at sample 
14 
13 
15 
14 
13 
Number 
samples 
needed 
for 
Common 
Groups 
1 
2 
2 
2 
2 
RESULTS OF THE ANALYSIS OF THE DATA BY VARIOUS ASSESSMENT METHODS 
RESULTS OF THE ANALYSIS OF THE DATA BY VARIOUS ASSESSMENT METHODS 
TABLE 1 3 Frequency distributions of various treatments of biological assessment methods 
GRAPH 1 Cumulative increase in groups taken in successive samples 
GRAPH 2 Range of the number of 'groups' found in individual samples (g) 
as a percentage of the total number of 'groups' (G) at a site 
Total No 
of 'groups' 14 27 32 45 51 
in 15 samples 
'common 
6 9 13 20 20 
groups' (c) 
i.e. 'groups' found in ten or more samples (>66.5% occurence) 

